Because the rates of cesarean section (CS) are increasing worldwide, it is becoming increasingly important to understand the long-term effects that mode of delivery may have on child development.
changes in stress response, 10 and type of anesthesia. 11 The observed association may alternatively be due to residual confounding or confounding by indication, meaning ASD could be associated with the indication for CS rather than the CS itself, 7 or to an unknown genetic factor that is associated with increased risk of CS and ASD. The prevalence of birth by CS is estimated to be 15% worldwide and is more than 20% in developed countries. 12 Because the prevalence of ASD is increasing worldwide, for a variety of reasons, 13, 14 it is becoming increasingly important to fully understand any possible longterm effects of birth by CS.
Birth by CS has previously been linked to several longterm outcomes, including asthma, allergic rhinitis, diabetes mellitus, and gastrointestinal disease. 10 Notably, recent population-based studies that used siblings as controls found that these reported associations could be explained by genetic factors or family environment for asthma 15 and type 1 diabetes. 16 Thus, it is important to consider residual confounding from environmental and genetic factors with appropriate methods. The objective of this investigation was to assess the effect of mode of delivery, specifically birth by CS, on ASD using data from a large Swedish population-based registry. To our knowledge, this is the largest study on this subject to date 7 and the only one to use the combination of adjusted cohort and sibling control study designs. Using this combination and taking familial environmental and genetic confounding factors into consideration, we aimed to robustly assess any association between mode of delivery and ASD.
Methods

Study Population
The study cohort consisted of all singleton live births in Sweden from January 1, 1982, through December 31, 2010, using data from the Swedish Medical Birth Register, the Swedish National Patient Register, and the Swedish Multi-Generation Register. Data from these registers can be linked using the personal identification number given to each Swedish resident.
More than 99% of all births in Sweden are recorded in the Swedish Medical Birth Register.
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We started follow-up from the first birthday (left censored), consistent with a previous study 5 on ASD in this population. Before 1987, no code for autism was available in the register; 5 therefore those persons who turned 1 year of age before 1987 began follow-up on January 1, 1987. Children were followed up until first diagnosis of ASD, death, migration, or December 31, 2011 (end of study period), whichever came first. Sibling design studies have been used in investigations of prenatal or perinatal risk factors and were developed as a way to control for shared genetic factors and familial environment. 19 For the sibling study, we included all sibling pairs that included the first 2 children for each mother, with one diagnosed as having ASD and one not. Because conditional logistic regression does not adjust for differential follow-up time, follow-up time during the study period was longer for the control sibling (ie, the control sibling died, emigrated, or left the study at an older age than when their sibling was diagnosed as having ASD). The case sibling could be the younger or older sibling. This approach is consistent with a previous sibling control study 16 that used this data set. Ethical approval was obtained from the research ethics committee at Karolinska Institutet. Informed consent was waived by the ethics committee. 5 The procedures for this assessment are standardized across Sweden. To account for the possibility of increased diagnosis using this method, we conducted a sensitivity analysis on children born on or before 2007 to allow everyone to be followed up at least until 4 years of age. Previous results have indicated that risk factors may differ for ASD with and without intellectual disability (ID). 25 Therefore, we looked at ASD overall and at ASD with and without ID (defined as an IQ <70 and functional impairment 26 ).
Statistical Analysis
We performed Cox proportional hazards regression analysis to estimate hazard ratios (HRs) and 95% CIs. We assessed the proportional hazards assumption using graphical displays of the For the sibling study, we conducted conditional logistic regression using nonaffected siblings as controls, matched on maternal ID. Estimates for the association between mode of delivery and ASD were obtained using pairs discordant on ASD and mode of delivery, although pairs concordant on mode of delivery were included in the analysis because they contribute to the covariate estimates. The conditional logistic regression analysis included adjustment for the same covariates as the Cox proportional hazards regression model with the exception of maternal country of birth, which was the same for each sibling pair. We conducted a sensitivity analysis that included only full siblings (ie, same father and mother).
All analyses were conducted using SAS statistical software, version 9.4 (SAS Institute Inc).
Results
Descriptive Statistics
There were 2 941 629 live births in Sweden from January 1, 1982, through December 31, 2010. After excluding 77 209 multiple births, 17 968 children who died or emigrated before 1 year of age, 87 whose first diagnosis of ASD was before 1 year of age, and 149 050 children with unknown mode of delivery, 2 697 315 remained in the final cohort. A total of 2 161 148 children (80.1%) were born via nonassisted VD, 164 305 (6.1%) via elective CS, 175 803 (6.5%) via emergency CS, and 196 058 (7.3%) via assisted VD (eFigure in the Supplement). A total of 28 290 children (1.0%) were diagnosed as having ASD ( Table 1) . Median age at diagnosis was 12 years (interquartile range [IQR], 7-16 years), with 11 years (IQR, 7-16 years) in boys and 14 years (IQR, 9-17 years) in girls.
Cox Proportional Hazards Regression Analysis
In partially adjusted analyses (ie, adjusted for year of birth), elective CS (HR, 1.39; 95% CI, 1.33-1.45), emergency CS (HR, 1.40; 95% CI, 1.34-1.46), and assisted VD (HR, 1.18; 95% CI, 1.13-1.23) were all associated with ASD when compared with unassisted VD ( Table 2) . After full adjustment, the adjusted HRs (aHRs) were reduced, but the association remained significant for elective CS (aHR, 1.21; 95% CI, 1.15-1.27) and emergency CS (aHR, 1.15; 95% CI, 1.10-1.20) but not for assisted VD (aHR, 1.03; 95% CI, 0.98-1.07). Sensitivity analyses that excluded children who were preterm, female, small for gestational age, large for gestational age, born after 2007, and had mothers who had ever been diagnosed as having depression did not materially change the results (eTable 1 in the Supplement). Inclusion of children diagnosed before 1 year of age also had no effect. Exclusion of children who had been born before 1990 and 2000 similarly did not materially change the results ( Table 2 ). Inclusion of parental educational level after exclusion of those born before 1990 had no effect on the results (eTable 2 in the Supplement). Sensitivity analyses on birth order, CS order, and family size had no effect on the results (eTable 3 in the Supplement). Similarly, inclusion of induction of labor also did not change the results (eTable 4 in the Supplement). Sensitivity analyses on maternal age, obesity, diabetes, and hypertension did not have an effect on the results (eTable 5 in the Supplement). Likewise, analyses regarding breech presentation did not have an effect (eTables 6-8 in the Supplement).
When cases of ASD were stratified by the presence of ID, assisted VD was not significantly associated with ASD with ID (aHR, 1.11; 95% CI, 1.00-1.22) or without ID (aHR, 1.01; 95% CI, 0.96-1.06) ( Table 2 ). Elective CS was significantly associated with ASD with (aHR, 1.26; 95% CI, 1.14-1.39) and without ID (aHR, 1.19; 95% CI, 1.12-1.26). Similarly, emergency CS was associated with ASD with (aHR, 1.25; 95% CI, 1.14-1.37) and without ID (aHR, 1.12; 95% CI, 1.06-1.18). Exclusion of children born before 1990 and 2000 did not change results materially.
Sibling Control
In the sibling control study, there were 13 411 sibling pairs discordant on ASD; 2555 pairs were also discordant on mode of delivery (with one sibling born by unassisted VD). In the partially adjusted analysis, there was no association between assisted VD (odds ratio [OR], 1.04; 95% CI, 0.91-1.15) or elective CS (OR, 0.97; 95% CI, 0.85-1.11) and ASD ( Table 3) . After full adjustment, assisted VD (OR, 0.91; 95% CI, 0.82-1.02) and elective CS (OR, 0.89; 95% CI, 0.76-1.04) were not associated with ASD. Conversely, although emergency CS was associated with ASD in partially adjusted analysis (OR, 1.20; 95% CI, 1.06-1.36), this association did not persist after full adjustment (OR, 0.97; 95% CI, 0.85-1.11). Because of the lack of overall ASD association, we did not further analyze the effect of mode of delivery on ASD stratified by ID status. Exclusion of children born before 1990 and 2000 did not materially change the results. Sensitivity analysis with only the 11 634 full biological siblings (ie, shared both father and mother) did not change results (eTable 9 in Supplement).
Discussion
The current study combines 2 approaches to assess the effect of obstetric mode of delivery on ASD: a conventional cohort analysis, which we used to test the association in a large population, and a sibling control analysis, which we used to control for familial confounding and assess causality. In the conventional cohort analysis, children born by elective CS were 21% more likely to be diagnosed as having ASD after controlling for known confounders, similar to previous findings regarding birth by CS and found between mode of delivery and ASD.
Although the traditional cohort analysis revealed birth by CS to be associated with ASD, it is not necessarily a cause because the association could be due to residual confounding. Because randomizing mode of delivery would be unethical, large population-based cohort studies are the most robust way to assess an association. In such cases, the use of siblings as controls is seen as a way to test the causality of an association when randomized experiments are not feasible. 29 This use of siblings as controls adjusts for shared factors that relate to genetics and family environment that may not be measured or fully understood. 30 Therefore, because the association between birth by CS and ASD did not persist in the sibling control analysis, we can conclude that there is no causal association. It is more likely that birth by CS is related to some unknown genetic or environmental factor that leads to increased risk of both CS and ASD.
There have been recent developments in understanding genetic risk factors for ASD, 31, 32 but it is likely that, even among inherited cases, genetic and environmental factors interact. 
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Strengths and Limitations
Our study is the largest on this subject to date, with 2.6 million births included in our analysis. In addition, because data were prospectively obtained from national registries, they were not subject to recall bias or selection bias. In addition, because of the nature of the data set, we were able to adjust for a variety of known potential confounders. Even after controlling for these variables, we found birth by elective CS to be associated with a 20% increased risk of ASD, which is comparable to previous estimates. 7 We were also able to conduct sensitivity analyses by birth cohort to determine whether the association changed in recent years, which was a limitation in some previous studies. 34 This approach also allowed us to address possible bias due to changes in ASD reporting practices over time. That we saw no change over time in the traditional cohort analysis or sibling analysis leads us to conclude that changes in ASD definition and reporting did not affect the association. Finally, because of such large numbers and quality of data, we were able to conduct a sibling design study, which helped control for unknown genetic and environmental confounders, after which the association did not persist.
There are also limitations to the present investigation. Although we were able to differentiate between emergency and elective CS based on timing of labor, we did not have access to the indication for CS. In addition, it is possible that parents who stopped having children after their first was diagnosed as having ASD were different from parents with multiple children, one or more of whom were diagnosed as having ASD. Although our sensitivity analysis on only children did not reveal a difference in the overall association, we were unable to include these children in the sibling analysis and so were unable to see whether the association was attenuated in a similar manner when genetic and family environment were controlled for. In addition, because we have mostly inpatient data until 2001, severe cases of ASD were likely overrepresented, and the association between mode of delivery and ASD may be different for milder forms of ASD. However, because sensitivity analysis from 2000 onward revealed no difference in the results, this association likely did not affect our findings. Moreover, although ours is the largest study to date, to our knowledge, on this subject, we reduced the sample size in the sibling control analysis because of strict inclusion criteria, which is reflected in the relatively wider CIs. In addition, modes of delivery were likely not independent between siblings because women who have previously given birth by CS are more likely to give birth by CS, 36 and it is possible that such relatedness with the exposure could lead to increased bias in the sibling control design. 37 However, the results of our sensitivity analyses based on the cohort analysis, conducted by birth order, CS order, and family size, would imply that the difference in results was in fact due to the comparison to siblings rather than other factors, such as cohort size or clustering of exposure. There are several known limitations to sibling control analyses, 19, 37 including an inability to distinguish whether the confounding is due to genetics, family environment, or both. 19 For example, we were unable to 
